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NOTICES 


Disclaimers 


The  findings  in  this  report  are  not  to  be  construed  as 
an  official  Department  of  the  Army  position,  unless  so 
designated  by  other  authorized  documents. 

The  citation  of  trade  names  and  names  of  manufacturers 
in  this  report  is  not  to  be  construed  as  official  Government 
indorsement  or  approval  of  commercial  products  or  services 
referenced  herein. 


Disposition 

Destroy  this  report  when  it.  is  no  longer  needed.  Do  not 
return  it  to  the  originator. 


ABSTRACT 


Tnis  report  includes  the  results  of  investigations  on  the  Li/CuF2  system 
during  the  third  quarter  of  Contract  No.  DA-28-043-AMC-02304(E),  "High 
Energy  System  -  Organic  Electrolyte. 

In  a  continuing  search  for  new  organic  electrolytes,  tetramethylurea  and 
1, 2-propylene  glycol  sulfite  were  investigated  as  electrolyte  solvents  and 
the  organic  sulfur  compound  was  found  to  be  promising.  A  re-evaluation  of 
the  effect  of  electrolyte  concentration  on  CuF2  solubility  revealed  that  solu¬ 
bility  increased  as  electrolyte  concentration  increased  over  the  range  2.  5x  10~3 
to  1.0F  Li  Cl  04 /propylene  carbonate. 

The  solubility  of  CuF2  in  electrolyte  was  studied  as  a  function  of  time  and  it 
was  found  that  the  concentration  increased  with  time  over  a  period  of  25  days. 

Various  purification  treatments  were  applied  to  LiC104  and  the  effect  of  solutions 
of  these  salts  in  propylene  carbonate  on  the  CuF2  solubility  was  determined. 

The  lowest  solubility  was  found  in  solutions  containing  LiC104  recrystallized 
from  water  and  made  anhydrous,  but  the  results  were  somewhat  inconsistent 
and  indicate  a  need  for  further  investigation. 

Southwestern  lu51  graphite  was  purified  by  various  methods  and  it  was  found 
that  the  activated  storage  of  CuFz  cathodes  thereby  imoroved.  The  improvement 
was  also  reflected  in  the  activated  stand  of  Li/CuF2  cells. 

Complexones  were  re-evaluated  and  ethylene  diamine  at  a  level  of  0.05%  in 
IF  Li  Cl  04 /propylene  carbonate  was  found  to  improve  activated  storage  of 
Li/CuF2  cells.  However,  the  effect  was  only  marginal. 

Kinetic  studies  of  GuF2  cathodes  appear  to  show  that  the  reaction  is  diffusion 
limited  in  Li  Cl  04/propylene  carbonate  electrolytes. 

A  study  of  voltammetry  in  a  mercury  pool  cell  was  initiated  to  determine  the 
copper  species  in  electrolyte  containing  dissolved  CuF2.  Preliminary  investi¬ 
gations  and  cell  design  are  in  progress  and  experimental  results  should  be 
available  in  the  fourth  quarter. 
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INTRODUCTION 


This  report  describes  the  work  performed  during  the  third  quarter  of  Contiact 
DA- 28-043- AMC~02304(E),  High  Energy  System  (Organic  Electrolyte).  The 
goal  of  this  work  is  to  improve  the  activated  storage  life,  and  to  increase 
the  current  density  capability  of  the  Li/CuF2  cells. 

A  continuing  Search  was  made  for  new  electrolyte  solvents  in  order  to  obtain 
an  electrolyte  with  properties  superior  to  those  of  Li  Cl  04 /propylene  carbonate 
solutions.  letramethylurea  and  1,  2-propylene  glycol  sulfite  were  investigated, 
and  the  organic  sulfur  compound  was  found  to  be  promising. 

Methods  for  purifying  graphite  were  investigated  as  a  result  of  the  observations 
that  certain  impurities  were  adversely  affecting  cathode  performance  on  activated 
stand. 

Complexones  were  re-evaluated,  and  although  it  was  found  that  ethylene 
diamine  effected  an  improved  activated  stand  for  Li/CuF2  cells,  the  improve¬ 
ment  was  only  marginal. 

Studies  wl  CuF2  cathode  discharge  kinetics  were  continued  and,  it  appears  from 
the  results  obtained  using  chronopotentiometric  techniques  that  the  reaction  is 
diffusion  controlled  in  Li  Cl  04 /propylene. carbonate  solutions.  — 

EXPERIMENTAL 


1  •  Electrolyte  Studies 

This  work  was  done  in  a  continuing  effort  to  obtain  an  electrolyte  superior  to 
Li  Cl  04/propylene  carbonate  with  regard  to  viscosity  and  conductivity  charac¬ 
teristics.  It  has  been  indicated  previously  that  the  somewhat  high  viscosity  of 
the  Li  Cl  04/propy!  -e  caibonate  system  appears  to  prevent  high  rate  dischaige 
of  the  CuF2  cathode.  The  adverse  effect  of  viscosity  on  mass  transport  causes 
the  cathode  reaction  to  be  diffusion  limited.  This  may  be  aggravated  by  the  for¬ 
mation  of  a  film  of  Li  F  on  the  active  sites  which  further  retards  ion.  diffusion. 
Mass  transpott  should  be  improved  with  an  electrolyte  of  low  viscosity  and 
thereby  should  alleviate  diffusion  limitation  problems. 

1  * 1  Invo’-t  unV  i.'H  i  New  Organic  Solvents 

Electrolyte  invest  rVions  were  concerned  with  the  evaluation  of  two  new  oiqtnic 
solvents  dminq  ’ht.  thiol  quarter.  Certain  metals  have  been  elect! ^deposited 
from  solutrons  of  inoiq.tnu  salts  in  letramethylurea  (l),  including  Zinc,  Bismuth, 
Silver,  and  Cadmium.  No  work  with  lithium  was  included  in  thus  study,  but 
since  it  was  shown  that  the  solvent  is  capable  of  dissolving  many  inorganic 
salts  it  was  consider  id  worths  of  investigation. 
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Recent  investigations  of  organic  sulfur  derivatives  as  electrolyte  solvents 
(2)  have  shown  that  propylene  glycol  sulfite  is  a  promising  material.  Solu¬ 
tions  of  Li  Cl  04  in  this  solvent  were  reported  to  have  the  best  electrochemical 
characteristics  of  the  many  systems  studied.  This  solvent  was  selected  for 
our  investigations  to  determine  its  characteristics  and  compatibility  with  the 
Li/CuF2  couple. 


The  physical  characteristics  of  these  solvents  are  as  follows: 


Solvent 

Dielectric 

Constant 

B.P. 

(°C) 

M.P 

(°C) 

Viscosity 

(cp) 

Density 

Tetramethylurea 

23.  5 

170 

— 

1.38 

0.972 

Propylene  Glycol 

33 

240 

-70 

1.76 

1.296 

Sulfite 


i .  2  Determination  of  Conductance  of  New  Electrolytes 

In  evaluating  the  solvents  selected  for  study,  only  Li  Cl  04  was  used  as  a 
solute.  The  solvents  were  the  purest  commercially  available  and  were  used 
as  received.  The  LiC104  was  the  purified  material  described  previously  (3). 
Solutions  were  prepared  over  a  wide  concentration  range,  and  all  procedures 
conducted  in  a  dry.  argon  atmosphere. 

The  conductance  of  the  electrolytes  was  determined  using  a  Kraus  and  Bray 
type  cell  in  conjunction  with  a  1000  cycle  A.  C.  Bridge  (E.S.I.  Universal 
Impedance  Bridge,  Model  290  R). 

The  results  of  this  experiment  are  shown  in  Figure  _1.  The  maximum  specific 
conductance  was  about  7  x  10~3  ohm~1cm_1  for  0.65  F  Li  Cl  04/tetramethylurea 
and  4.  5  x  10“3  ohm”1  cm"’  for  1.0  F  Li  Cl  04/l ,  2- propylene  glycol  sulfite. 


1 . 3  Lithium  Corrosion  Study 

The  compatibility  of  lithium  with  organic  electrolytes  is  an  important  factor  in 
the  selection  of  an  electrolyte  for  applications  where  there  is  a  requirement 
for  long  periods  of  activated  storage.  The  criterion  of  compatibility  was  taken 
as  the  rate  of  corrosion  of  lithium  as  deteimined  by  the  micro-gassing  tech¬ 
nique  (4).  The  time  required  for  one  milliliter  of  gas  to  be  evolved  was  used 
as  a  relative  measure  of  the  rate  of  corrosion. 

The  results  of  this  experiment  are  shown  in  Figure  _2.  The  corrosion  rate  was 
lower  in  the  propylene  glycol  sulfite  solution  than  in  the  tetramethylurea 
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solution.  The  results  with  propylene  glycol  sulfite  were  comparable  to  those 
obtained  wrh  propvlene  carbonate  as  the  solvent.  The  rate  of  corrosion  in 
the  tetramethylurea  solution  was  too  high  for  further  consideration  of  this 
solvent. 

Further  investigation  of  propylene  glycol  sulfite  was  conducted,  to  determine 
CuF2  cathode  performance  in  electrolyte  using  this  solvent.  This  is  described 
in  section  2.3  of  this  report. 

i .  4  Determination  cf  Cupric  Fluoride  Solubility  in  Li  Cl  CXi /Propylene 
Carbonate  Solutions 

1,4.  i  Effect  of  electrolyte  Concentration  on  Cupric 
Fluoride  Solubility 

This  study  was  conducted  to  determine  the  effect  of  electrolyte  concentration 
on  CuF2  solubility  An  earlier  experiment  (3)  was  carried  out  in  an  electrolyte 
containing  Li  CIO*  which  had  been  purified  by  recrystallization  twice  from 
water  and  then  once  from  anhydrous  ether,  and  dried  under  heat  and  vacuum. 

In  this  test  the  solutions  were  centrifuged  in  an  argon  atmosphere  to  remove 
the  suspended  CuF2  and  a  slight  temperature  increase  was  found  which  could 
have  caused  the  solubility  to  increase.  In  the  present  experiment  the  solutions 
were  filtered  with  no  cer.trifi  ging,  to  prevent  this  problem. 

1.4. 1.1  Preparation  of  Solutions 

Solutions  of  purified,  anhydrous  LiC104  (water  and  ether  recrystallized)  in 
twice  distilled  propylene  carbonate  were  made  over  the  concentration  range: 

2.5  x  10~3  F  to  i .  0  F  ■ 

Cupric  fluoride  powder  (as  received)  was  heated  at  60°C  for  17  hours  under 
vacuum  to  r  jmeve  unreacted  HF-  A  spectrographic  analysis  of  the  CuF2 
(Ozark-Mahonrirg.  Let  No.  R  5-131)  used  in  the  experiment  is  shown  in 
Table  i.  It  can  be  seen  that  the  materials  are  of  similar  purity  ;  a  comparison 
is  made  to  a  previous  lot  (KW 4"lt), 

A  weight  of  150  mg  of  the  CuF2  was  added  to  50  ml  of  each  of  the  electrolyte 
solutions.  The  solutions  were  prepared  in  a  dry  argon  atmosphere  and  stored 
under  argon  for  two  weeks.  The  flasks  were  shaken  daily  during  this  period. 
The  suspensions  were  th<=n  filtered  under  argon  through  highly  retentive  filter 
paper  to  separate  any  suspended  Cu  F2 .  They  were  then  submitted  for  analysis 
to  determine  ‘he  copper  concentration. 

!  .  4  .  ! .  2  Analysis  of  Solutions 

The  solutions  were  analyzed  photometrically,  using  neocuproine  indicator, 
by  the  method  described  in  the  First  Quarterly  Report.  The  results  of  the 
experiment  are  shewn  in  Table  2.  An  increase  in  LiC104  concentration  caused 
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a  slight  increase  in  copper  solubility.  This  is  in  agreement  with  the  results  in 
the  Second  Quarterly  Report.  The  lower  solubility  in  the  latest  experiment  might 
be  due  to  the  electrolyte  being  extremely  pure  and  the  solutions  being  filtered 
and  not  centrifuged. 

The  impurities  in  the  CuF?.  may  be  responsible  for  the  copper  solubility, 
especially  iron  which  is  present  in  1000  ppm.  To  reduce  the  solubility  it  may 
be  necessary  to  develop  a  method  for  purification  of  the  CuF2. 

1.4.2  Rate  of  Solubility  of  Cupric  Fluoride  in  Electrolyte 

This  experiment  was  conducted  to  determine  the  rate  of  solubility  of  CuF2  with 
time  in  IF. LiClO^propylene  carbonate  electrolyte.  It  was  thought  that  the 
results  would  give  some  indication  whether  the  solubility  was  simply  that  of 
a  sparingly  soluble  salt  or  due  to  a  reaction  between  the  electrolyte.  It  was 
assumed  tha*  a  simple  solubility  mechanism  would  be  shown  by  a  solubility- 
time  function,  leading  to  a  constant  copper  concentration  as  the  solution  be¬ 
came  saturated. 


1.4.  2,1  Experimental  Procedure 

The  electrolyte  used  in  this  experiment  was  lF.LiC104  in  doubly  distilled  pro¬ 
pylene  carbonate.  The  LiC104  was  purified  by  recrystallization  from  twice 
distilled  water  and  then  from  anhydrous  diethyl  ether.  The  anhydrous  cupric 
fluoride  (Lot  #KW4-17)  was  heated  at  60°  for  17  hours  under  vacuum  to  remove 
any  unreacted  HF.  A  one  liter  gas  washing  bottle  with  a  fritted  glass  inlet  tube  _  ; 

and  a  gas  outlet  tube  was  used.  Cupric  fluoride  powderand  400  ml.  of  electrolyte 
were  added  to  the  flask.  A  continuous  stream  of  high  purity  dry  argon  (99 .  995%) 
was  passed  through  drierite  and  concentrated  sulfuric  acid  and  then  bubbled 
through  the  test  solution  in  order  to  provide  an  inert  atmosphere  and  to  agitate 
the  mixture.  The  exhaust  argon  was  bubbled  through  a  flask  containing  purified  , 

propylene  carbonate  to  act  as  a  gas  lock.  Temperature  was  maintained  at  25° 
by  immeision  of  the  apparatus  in  a  thermostatted  water  bath.  Samples  of  solution  , 

were  removed  from  the  flask  at  various  intervals  and  filtered  under  a  dry  argon 
atmosphere.  ! 

i 

1.4,  2.  2  Analyses  of  Solutions 

The  solutions  were  analyzed  photometrically  using  the  technique  described 
in  section  1.4. 1.2.  The  results  of  this  experiment  are  shown  in  Figure  3, 

The  solubility  of  CuF2  was  found  to  increase  with  time  in  a  somewhat  unexpect¬ 
ed  relationship,  ie,  the  rate  of  solubility  increased  with  an  increase  in  time. 

The  solubility  increased  from  5.4  mg.  Cu  ior/liter  after  one  day  to  116  mg. 

Cu  ior/liter  after  25  days. 

i 
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It  would  appear  from  these  results  that  the  solubility  mechanism  is  not  simple# 
i.e.  as  would  be  shown  by  a  gradually  decreasing  rate  of  solubility  with 
time  until  a  stable  concentration  was  obtained  at  saturation.  The  results  would 
indicate  that  a  reaction  between  CuF2  and  electrolyte  occurs  which  accelerates 
the  rats  of  CuF2  solubility.  However,  there  might  be  another  explanation  for 
this  behavior  which  involves  the  experimental  technique  used.  The  volume 
of  solution  was  steadily  depleted  as  samples  were  taken  for  analysis  over  the 
test  period.  If  it  is  assumed  that  the  rate  of  solubility  is  due  to  a  reaction 
between  the  CuF2  and  the  electrolyte  then  it  will  also  depend  on  the  volume 
of  electrolyte  in  contact  with  a  given  amount  of  CuF2  at  any  time,  and  the  rate 
of  solubility  might  bo  found  to  increase  as  the  volume  is  decreased.  This  appears 
to  be  a  reasonable  explanation  for  the  behavior  observed  and  indicatesthat  the 
experimental  technique  requires  modification.  Therefore  the  test  will  be  repeat¬ 
ed  using  invariant  volumes  of  solution  and  with  other  refinements  intended  to 
effect  more  reliable  results . 

1. 5  Effect  of  LIClOi  Purification  Technique  on  CuF?  Solubility 

The  activated  storage  life  of  Li/CuF2  cells  might  be  improved  if  the  solubility 
of  CuF2  could  be  greatly  reduced.  It  is  thought  that  part  of  the  solubility 
problem  is  associated  with  certain  impurities  in  tho  LiCIO*  used  in  preparation 
of  electrolyte.  Therefore,  LICIQ*  was  purified  according  to  various  techniques 
and  the  effect  on  CuF2  solubility  determined  in  electrolytes  prepared  with  the 
various  salts. 


1.5.1  Experimental  Procedure 

The  technique  used  in  the  preparation  of  purified  LiCIO*  was  described  in  a 
previous  report  (3),  Methods  Involving  recrystallization  from  water  and  ether 
were  described.  These  methods,  in  whole  or  in  part  were  used  in  the  prepara¬ 
tion  of  various  LidO*  salts  in  this  experiment*  Also  included  as  control  was 
L1C104  salt  which  was  used  as  received  from  the  supplies.  The  respective 
treatments  were  as  follows:  (i)  control  (no  purification),  (ii)  recrystallized 
once. from  .ether  : '  (iii)  recrystallized  twice  from  water  and  once  from  ether 
and  (iv)  recrystallized  twice  from  water. 

1.5.2  Spectroqraphic  Analysis 

The  LiCIO*,  as  received  and  purified  by  the  various  techniques,  was  analyzed 
spectrographically  and  the  results  are  shown  in  Table  3.  In  general,  very 
little  removal  of  metallic  impurities  was  effected  with  any  of  the  treatments. 
The  most  effective  treatment  relatively  was  ether  recrystallization  alone. 

1.5.3  Determination  of  CuF?  Solubility  in  Various  Electrolytes 

Electrolyte  solutionscontaining  1  formal  LiCIO*  in  distilled  propylene  carbonate 
were  prepared  using  the  salts  treated  according  to  the  method  described  above. 
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In  addition,  1%  (by  volume)  water  was  added  to  one  electrolyte  to  determine 
its  effect  on  CuFz  solubility.  The  solubility  tests  were  conducted  using  the 
basic  techniques  described  in  section  1.4. 1.1  of  this  report.  The  test  was 
run  once  with  no  replication. 

The  result  of  this  experiment  are  shown  in  Table  4.  The  solubility  cf  CuF2 
ranged  from  10  to  46  mg.  Cu  ion  per  liter  in  the  various  anhydrous  solutions. 

The  effect  of  the  addition  of  only  1%  water  was  to  increase  GuF2  solubility 
by  one  to  two  orders  of  magnitude  as  compared  with  results  in  anhydrous 
solutions.  It  appears  that  the  lowest  solubility  was  effected  with  LiClCh 
recrystallized  from  water  alone.  The  higher  solubility  in  solutions  prepared 
with  LiC104  treated  with  ether  would  indicate  that  ether  somehow  introduces 
a  solubilizing  effect.  However,  according  to  the  spectrographic  analyses, 
ether  recrystallization  appeared  to  effect  the  best  purification,  at  least  as 
far  as  removal  of  metallic  impurities  is  concerned:  It  is  difficult  to  draw  con¬ 
clusions  from  these  somewhat  inconsistent  results.  This  is  probably  due  to  the 
aforementioned  effect  of  increasing  solubility  with  time.  The  samples  were  not 
all  equili  brated  for  the  same  time  and  thus  the  results  can  only  be  regarded  as 
preliminary. 

2.  Cathode  Studies 

2.1  Purification  of  Graphite  (SW1651  micronized) 

Earlier  studies  of  cathode  activated  stand  (3)  revealed  a  loss  in  performance 
of  CuF2  electrodes  after  storage  in  electrolyte.  Associated  with  this  was  the 
formation  of  LiF  in  the  electrode  as  determined  by  x-ray  diffraction.  This 
behavior  was  attributed  to  certain  impurities  in  the  SW1651  graphite  used  in 
the  electrode  construction.  When  high  purity  graphite  (spectrographic  grade) 
was  used,  LiF  was  not  detected  after  stand.  These  observations  indicated  that 
degradation  of  the  cathode  salt  occurred,  by  direct  reaction  with,  or  catalysis 
by  the  graphite  impurities. 

The  performance  of  Li/CuF2  cells  after  activated  storage  has  been  shown  to 
be  unsatisfactory.  This  has  been  associated  with  solubility  of  the  CuF2  and 
consequent  short-circuiting  of  the  cells  by  copper  dendrites.  Cupric  fluoride 
is  of  course  soluble  to  some  extent  in  the  electrolyte,  but  it  was  thought  that 
possibly  certain  impurities  in  the  graphite  used  in  the  cathodes  might  increase 
the  solubility  and  further  aggravate  the  loss  of  cell  efficiency  on  activated  stand. 

In  a  preliminary  experiment,  cathodes  were  made  without  graphite  to  determine 
how  this  might  affect  copper  dendrite  formation  in  Li/CuF2  cells.  Cathodes  were 
prepared  from  a  blend  of  91%  CuF2  (KW4-17)  and  9%  polyethylene  (-100  mesh). 

Two  grams  of  blend  were  die-pressed  at  500fcm2  for  3  minutes  at  90°C.  Three 
plate  Li/CuF2  cells  were  made  using  30  mils  of  glass  fiber  filter  paper  insulation. 
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The  cells  were  filled  with  lF.LiC104/propylene  carbonate  (purified)  and 
placed  in  a  dry  argon  atmosphere.  Cells  were  taken  off  stand  after  3  days 
and  after  two  weeks  for  inspection.  No  copper  dendrite  formation  was  ob¬ 
served  in  the  separation  after  two  weeks  storage.  A  film  of  copper  was  de¬ 
posited  on  the  anodes  but  this  appeared  to  be  extremely  thin.  These  results 
were  a  further  indication  that  impurities  in  the  graphite  might  be  responsible 
for  loss  of  cathode  efficiency  on  activated  stand.  Therefore,  a  program  of  work 
v/as  initiated  to  purify  the  SW1651  micronized  graphite  used  in  cathode  fabrica¬ 
tion  and  to  determine  the  effect  of  this  treatment  on  cathode  activated  storage. 

2.1.1  Purification  of  SW1651  Graphite  -  Methods  Used 
The  following  methods  were  used  to  purify  SW1651  micronized  graphite. 

i)  Nitric  Acid  Treatment 

Thirty  grams  of  graphite  was  slurried  with  600  ml.  of  nitric  acid  solution  (1:1 
concentrated  HN03  and  water  ).  The  mixture  was  maintained  at  60° C  for  17 
hours,  with  continuous  stirring  during  the  period.  The  slurry  was  then  filtered, 
and  the  product  washed  with  distilled  water.  The  graphite  v/as  dried  under 
vacuum,  at  120° C  for  10  hours. 

ii)  Hydrochloric  Acid  Treatment 

Thirty  grams  of  impure  graphite  was  leached  in  600  ml.  of  HC1  solution  (1:1 
concentrated  HG1  and  distilled  H20)  at  70°C  for  17  hours  with  continuous  stirring. 
The  product  was  washed  thoroughly  and  dried  at  130° C  under  vacuum. 

iii)  Nitric/Hydrochloric  Acid  Treatment 

a)  Thirty  grams  of  impure  graphite  was  leached  in  600  ml.  of 
hydrochloric  acid  (1:1  concentrated  HC1  and  distilled  water)  at  80° C  for  17  hours 
with  continuous  stirring.  The  product  was  filtered  and  washed  with  1  liter  of 
distilled  water. 

b)  Step  a)  was  repeated. 

c)  The  graphite  from  step  b)  was  leached  in  600  ml.  of  nitric 
acid  (1:1  HN03  and  distilled  H20)  at  70°C  for  17  hours.  The  product  was  filtered 
and  washed  with  1  liter  of  distilled  water. 

d)  Repeat  step  c). 

e)  The  product  from  step  d)  was  washed  thoroughly  in  a  filter 
and  dried  at  120°C  under  vacuum  for  10  hours. 
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2.1.2  Spectroqraphic  Analyses  of  Graphite 

Graphite  purified  according  to  the  respective  techniques  described  above 
was  submitted  for  spectrographic  analyses  and  tne  results  are  shown  in 
Table  5. 

The  hydrochloric  acid  treatment  was  very  effective  in  removing  Fe.  Ti,  Cu 
and  the  nitrtc  acid  treatment  in  removing  Mg  and  Mo.  The  highest  purity 
graphite  was  obtained  by  a  combined  HC1/HN03  treatment. 

2.1.3  Effect  of  Purified  Graphite  on  CuF?  Cathode  Activated 
Storage 

I 

This  study  was  conducted  to  determine  the  effect  on  cathode  activated  stand 
,  of  the  various  graphite  purification  techniques. 

Cupric  fluoride  cathode  were  made  from  blends  of  85%  CuF2  (-325  mesh),  5% 
polyethylene  (100  mesh)  and  10%  SW1651  graphite.  Various  blends  were  made 
incorporating  respectively  impure,  HNO3  treated,  HC1  treated,  and  HCI/HNO3 
treated  graphites.  Two  grams  of  the  respective  blends  were  die- pressed  into 
a  5Cul4-2/0  expanded  copper  grid  (Ifx  15/8")  at  3000  #/cm2  for  3  minutes  at 
90°C. 

% 

Cathodes  incorporating  the  various  graphites  were  assembled  into  3  plate  cells 
against  Li  anodes  and  insulated  with  30  mils  of  glass  fiber  filter  paper.  The 
cells  were  filled  with  IF  LiClOi/rropylene  carbonate  (purified)  and  discharged 
at  2  ma/cm2  to  determine  their  initial  (no  stand)  performance.  In  addition, 
cathodes  were  stored  alone  (dissassociated  from  the  Li  anodes)  in  electrolyte 
for  two  weeks  m  a  dry  argon  atmosphere.  Alter  stand,  cathodes  representing 
the  various  graphite  treatments  were  submitted  for  x-ray  analysis.  Replicate 
electrodes  ttwo  weeks  storage)  were  assembled  into  3  plate  cells  against  Li 
anodes,  and  discharged  as  above. 

The  results  of  the  various  experiments  are  shown  in  Figures  4  to  ]_*  Inspection 
of  these  results  repeals  that  the  effect  of  graphite  purification  was  to  improve 
the  cathode  activated  storage  capability.  With  impure  graphite  a  43%  loss  in 
coulombic  efficiency  was  obtained  after  two  weeks,  whereas  only  28%  loss  was 
found  with  HNOj  treated  graphite,  and  practically  no  loss  with  HC1  and  HCI/HNO3 
treatments.  However,  there  was  a  decrease  in  cathode  discharge  potentials 
associated  with  purified  graphite.  This  was  not  evident  with  electrodes  con¬ 
taining  impure  graphite,  which  although  suffering  a  greater  loss  in  coulombic 
efficiency,  appeared  to  have  discharge  characteristics  which  were  very  similar 
before  and  after  stand. 
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In  those  electrodes  submitted  for  x-ray  analysis  (undischarged)  after  two 
weeks  activated  stand,  LiF  was  found  only  in  those  containing  unpurified 
graphite.  No  free  copper  was  found  in  any  of  the  electrodes.  No  compounds 
other  than  those  originally  present  could  be  detected. 

Apparently  the  purification  of  SW1651  graphite  improves  the  activated  storage 
capability  of  CuF2  cathodes  with  regard  to  coulombic  efficiency.  However, 
there  is  a  large  decrease  in  discharge  potentials  after  stand  which  is  difficult 
to  explain. 

A  reaction  between  CuF2  and  the  electrolyte  to  produce  a  material  discharging 
at  lower  potentials  than  CuF2/  or  a  resistance  charge  in  the  electrical  structure 
on  stand,  might  account  for  the  behavior.  However,  further  work  remains  to  be 
done  before  any  conclusive  statements  can  be  made.  A  study  of  I.R.  Spectra  of 
electrolyte  solution  containing  CuF2  might  reveal  the  mechanisms  responsible  for 
the  loss  of  cathode  potential  on  activated  storage. 

2.1.4  Effect  of  Graphite  Purification  on  Activated  Storage 
of  Li/CuF?  Cells 

Cathode  storage  tests  have  shown  that  purification  of  SW1651  graphite  improves 
the  activated  storage  capability  of  the  GuF2  electrode,  at  least  with  regard 
to  coulombic  efficiency.  It  was  decided  therefore  to  evaluate  the  effect  of 
graphite  treatment  on  the  activated  stand  performance  of  Li/CuF2  ceils. 

Cupric  fluoride  electrodes  were  made  using  blends  containing  respectively 
impure  and  HCl/HN03  treated  graphite.  The  blends  contained  the  same  ratio 
of  components  described  in  section  2.1.3  of  this  report.  Cathodes  were  prepared 
as  described  in  section  2.1.3  except  that  die-pressing  was  done  at  500  fcmz, 
Three-plate  Li/CuF2  cells  were  made  using  cathodes  containing  the  respective 
graphites,  and  filled  with  lFLiC104/propylene  carbonate  electrolyte.  They  were 
discharged  at  2ma/cm2to  determine  the  initial  (no  stand)  cathode  performance. 

In  addition,  replicate  cells  representing  the  two  types  of  graphite  treatment 
were  stored  activated  for  1  week  in  a  dry  argon  atmosphere.  After  stand  they 
were  discharged  as  above. 

The  results  of  these  experiments  are  shown  in  Figure  8. 

The  initial  performance  of  cathodes  containing  impure  graphite  was  far  better 
than  that  obtained  with  electrodes  containing  HCI/HNO3  treated  graphite;  about 
75%  coulombic  efficiency  with  impure  as  compared  to  45%  efficiency  with  treated 
graphite.  Further,  discharge  potentials  were  for  better  with  cathodes  containing 
impure  graphite.  After  stand  for  one  week,  only  1%  coulombic  efficiency  was 
obtained  for  cathodes  with  impure  graphite,  whereas  cathodes  containing  treated 
graphite  lost  little  or  no  performance. 


ft 
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The  unusually  low  potential  characteristic  obtained  with  cathodes  containing 
HCI/HNO3  treated  graphite  is  difficult  to  explain.  This  type  of  behavior  was 
observed  in  the  cathode  tests  described  in  section  2.1.3,  for  cathodes  containing 
graphite  with  the  same  treatment.  Possibly  something  in  the  specific  treatment 
adversely  affects  cathode  potentials. 

Further  work  is  required  in  the  area  of  cathode  and  cell  activated  stand  studies. 
An  important  part  of  this  work  will  involve  a  study  to  determine  the  factors  in¬ 
volved  in  the  loss  of  coulombic  efficiency  and  cathode  potentials. 

2.  2  Effect  of  Complexones  on  CuF->  Cathode  Performance  and  Activated 
Stand 


It  was  shown  in  an  earlier  investigation  (4)  that  the  use  of  certain  complexmg 
agents  in  LiClO^/propylene  carbonate  solution  improved  the  activated 
storage  capability  of  the  Li/CuF2  cell,  but  at  the  expense  of  greatly  reduced 
cell  efficiency.  A  concentration  of  complexing  agent  (about  1%)  sufficient  to 
prolong  activated  storage  adversely  affected  cathode  efficiency.  Further  work 
was  done  (3)  with  lower  concentrations  (0.15%  max.)  but  cathode  efficiency 
was  still  adversely  affected. 

Investigations  during  the  third  quarter  have  shown  that  the  Southwestern  1651 
graphite,  as  received,  has  considerable  amounts  of  impurities  which  apparently 
have  adversely  affected  cathode  performance  on  activated  storage.  Possibly 
the  impure  graphite  had  adversely  affected  activated  storage  in  previous  tests 
with  complexor.es,  and  in  addition  might  have  affected  initial  (no  stand) 
performance  by  some  kind  of  interraction  with  the  complexone.  It  was  decided 
therefore  to  re-evaluate  the  effect  of  complexones  using  cathodes  prepared  with 
purified  graphite. 


2,2.1  Experimental  Procedure 


Cupric  fluoride  cathodes  were  prepared  using  a  blend  of  85%  anhydrous  CuF2 
(-325  mesh),  10%  Southwestern  1651  graphite  (purified  by  HNO3/HCI),  and 
5%  polyethylene  (-100  mesh).  Two  grams  of  blend  were  die-pressed  into  a 
it "  x  1  5/8"  expanded  copper  grid  (5  Cul4-2/0  mesh)  at  500  #/cm2  for  three 
minutes  at  90°C.  Three-plate  Li/CuF2  cells  were  made  using  two  pressed 
lithium  ribbon  anodes  and  one  cathode,  and  insulated  with  30  mils  of  glass 
fiber  filter  paper. 

Electrolytes  were  prepared  with  compositions  as  follows: 

i)  IF. LiClOi/propylene  carbonate,  with  0.01  and  0.10  volume  % 
ethylene  diamine  and 

ii)  IF.  LiClO^propylene  carbonate,  with  0.01  and  0,05  volume  % 
diethylene  triamine.  Replicates  of  two  cells  were  used  to  test  the  respective 
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complexones  at  each  of  the  concentration  levels.  In  addition,  replicates  of 
two  cells  were  used  as  a  control  (no  complexone).  The  cells  were  discharged 
at  2  ma/cm2,  and  cathode  potentials  were  measured  against  Ag/AgCl  reference 
electrodes  using  an  electrometer. 

The  results  of  this  experiment  are  shown  in  Figures  9  and_10_.  In  general,  an 
increase  in  complexone  concentration  produced  a  decrease  in  cathode  discharge 
efficiency.  It  is  interesting  that  the  percent  loss  of  performance,  at  least  at 
the  0.05%  concentration  level  for  both  complexones,  was  less  than  in  the 
previous  experiment  (3).  This  might  be  due  to  the  use  of  purified  graphite  but 
this  cannot  be  stated  conclusively. 

2.2.2  Effect  of  Complexones  on  Activated  Storage  of  Ll/CuF? 

Cells 


The  loss  of  cathode  performance  (no  stand)  was  considered  to  be  low  enough, 
at  least  at  the  0.05%  level  of  complexone,  ana  especially  with  ethylene 
diamine,  to  justify  work  with  activated  storage. 

Three-plate  Li/CuFz  cells  were  made  as  described  above,  with  replicates  of 
two  cells  used  to  test  each  type  of  complexone  at  the  0.05%  level  in  lF.LiClO^ 
propylene  carbonate.  Also,  replicates  of  two  cells  were  used  as  control  (no 
complexone).  The  cells  were  activated  with  the  respective  electrolytes  and 
placed  on  storage  for  one  week  in  an  argon  filled  container  over  drying  agent. 

After  the  one  week  stand  all  cells  were  discharged  at  2ma/cmz.  Cathode 
potentials  were  measured  against  Ag/AgCl  reference  electrodes. 

The  results  of  this  experiment  are  shown  in  Figure  ll_.  It  can  be  seen  that  the 
performance  of  control  cells  and  that  of  cells  with  diethylene  triamine  was  poor, 
with  only  about  3%  CuF2  utilization  and  very  high  cathode  polarization.  The 
performance  of  cells  with  ethylene  diamine  was  relatively  good,  with  about  16% 
coulombic  efficiency.  Cathode  potentials  however  showed  polarization  as  compared 
with  initial  performance. 

It  appears  that  the  beneficial  effect  of  ethylene  diamine  complexone  in  improv¬ 
ing  activated  storage  of  Li/CuFz  cells  is  only  minimal  and  would  be  of  little 
practical  value.  Greater  improvements  are  required,  and  this  might  be  accomplish¬ 
ed  by  investigating  other  complexones. 

2.3  Performance  of  CuF?  Cathodes  in  LiClO^/l,  2  Propylene  Glycol 
Sulfite  Electrolyte 

It  was  shown  in  sections  1.  2  and  1.  3  that  solutions  of  LiClO^l,  2  propylene 
glycol  sulfite  had  reasonably  good  conductivities  and  were  compatible  with 
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lithium.  Therefore  It  was  decided  to  evaluate  this  new  electrolyte  in  GuF2 
cathode  tests , 


2.3.1  Experimental  Procedure 

An  electrolyte  was  prepared  with  composition  1.  25F.  LiClQ/propylene  glycol 
sulfite.  The  solvent  was  used  as  received  and  the  LiCl04  was  the  purified 
material  (3). 

Three-plate  Li/CuFj  ceils  were  made  as  described  in  section  2.  2.1  of  this 
report.  Replicates  of  two  cells  were  filled  with  the  test  electrolyte  a:  d  discharg¬ 
ed  at  2  ma/cra2.  Cathode  potentials  were  measured  against  Ag/AgCl  reference 
electrodes  in  the  same  electrolyte. 

The  results  of  this  experiment  are  shown  in  Figure  \Z.  The  coulombic  efficiency 
of  CuF2was  about  60%  (average)  and  reproducibility  was  good.  Cathode  dis¬ 
charge  characteristics  were  similar  to  those  obtained  with  LiClO^propylene 
carbonate,  except  near  the  termination  of  discharge  when  potentials  decreased 
more  rapidly  than  in  the  propylene  carbonate  solutions. 

The  performance  obtained  with  1, 2  propylene  glycol  sulfite  shows  promise  and 
justifies  further  work.  The  logical  appioach  in  extended  study  would  be  purification 
of  the  solvent  as  a  first  step, 

3.  Kinetic  Studies  of  the  CuF?  Cathode 

Investigations  of  the  kinetics  of  the  CuF2  discharge  reaction  were  continued  in 
an  effort  to  elucidate  the  mechanism  and  to  determine  the  rate  limiting  steps. 

Two  techniques  were  employed  involving  a  modified  current  sweep  voltammetry 
and  chronopotentiometry. 

3,1  Chronopotentiometry 

Cupric  fluoride  cathodes  were  tested  in  a  glass  three  compartment  cell  of  the  type 
previously  described  (5).  The  cell  was  maintained  at  25°C  in  a  thermostatically 
controlled  oil  bath.  Electrodes  were  discharged  at  various  current  densities  in  electro¬ 
lytes  of  0.25F,  0.  5F  and  1  OF  UC104/ propylene  carbonate.  The  electrolyte  was 
not  stirred  in  order  to  obtain  conditions  of  semi-infinite  linear  diffusion.  Current 
was  supplied  by  a  300  volt  constant  current  power  source.  Cathode  potentials 
were  measured  against  Ag/AgCl  reference  electrodes  in  the  same  electrolyte. 

The  cathodes  were  prepared  from  a  blend  containing  85%  anhydrous  CuF2  (-325  mesh), 
10%  graphite  (SW1651)  and  5%  polyethylene  (-100  mesh).  Approximately  0,9  grams 
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of  blend  were  diepressed  at  3000#/cnr  for  3  minutes,  at  90°C,  into  a  1"  square 
expanded  copper  grid. 

The  results  of  this  experiment  are  shown  in  Figures  13,  _14  and  15.  From  these 
results  it  can  be  seen  that  the  discharge  characteristics  are  considerably 
different  in  0.  25F  and  0.  50F  as  compared  with  1.0F  electrolyte.  The  curves 
in  the  IF.  solution  show  a  fairly  well  defined  transition  time  whereas  no 
transition  time  exists  in  the  0.  25F  and  0. 50F  solution.  The  product  1t£  was 
found  to  be  approximately  constant  for  the  IF  solutions  as  shown  in  Table  6. 

Since  no  transition  time  was  observed  for  the  dilute  solution  it  was  decided  to 
examine  the  relationship  between  the  time  at  which  the  deposition  of  lithium 
occurs  (as  indicated  by  levelling  off  of  the  curves)  and  the  current  density 
and  electrolyte  concentration.  The  results  are  shown  in  Table  6  where  for  the 
0. 5  and  0. 25F  solutions  t  is  to  be  Interpreted  as  the  time  at  which  lithium  begins 
to  deposit. 

It  can  be  seen  that  there  is  good  constancy  of  the  factor  irl/C.  This  would 
appear  to  indicate  that  the  potential/time  curves  obey  the  Sand  equation  (6) 
and  that  the  reaction  is  diffusion  controlled.  However  since  the  intrepretation 
of  the  chronopotentiograms  is  difficult,  especially  in  the  0.50  and  0.  25F 
solutions  the  agreement  may  be  fortuitous. 

3  •  2  Current  -  Potential  Curves 

Another  technique  used  to  study  cathode  kinetics  was  a  modified  current 
sweep  voltammetric  method.  The  glass  three  compartment  cell  previously  de¬ 
scribed  was  used  in  this  work.  Cathodes  (CuFj  were  prepared  as  described  in 
section  3.1  and  were  tested  as  follows; 

A  preset  current  was  pulsed  through  the  electrode  using  a  300  volt  constant 
current  power  supply  in  conjunction  with  a  time-delay  switching  system.  The 
delay  switch  allowed  the  oscilloscope  to  trigger  the  trace  before  the  current 
pulse  was  applied,  thereby  allowing  the  measurement  of  the  open  circuit 
potential.  In  this  way  the  IR  polarization  could  be  determined  at  the  instant 
the  current  pulse  was  applied.  Measurements  were  obtained  using  a  Tetronix 
type  535  Oscilloscope  in  conjunction  with  a  camera  attachment  to  record  the 
potential  transients.  Polaroid  film  was  used  with  designation  B  and  W  3000  speed/ 
type  107. 

The  test  was  conducted  over  a  range  of  current  densities  in  LiC104  propylene 
carbonate  of  various  concentrations.  The  electrolyte  was  stirred  by  vigorous 
bubbling  of  dry  argon  through  the  solution.  Cathode  potentials  were  measured 
-gainst  a  Ag/AgCl  reference  electrode. 
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A  typical  Pnten*ial-Time  transient  is  shown  in  Figure  _16_.  This  trace  was  obtained 
at  5  ma/cm2  in  1.0F  liClO^propylene  carbonate  electrolyte.  The  time-delay 
switch  allows  a  recording  of  the  open  circuit  potential  for  a  few  milliseconds 
before  the  pulse  is  applied.  This  allows  the  measurement  of  the  IR  component 
of  polarization  at  the  instant  the  current  is  applied,  as  shown  by  the  break  in  the 
Potential-Time  trace.  Thereafter  polarization  increases  and  includes  components 
of  activation  and  diffusion  overpotential.  The  transient  becomes  linear  after  an 
initial  curved  portion,  and  this  is  indication  of  diffusion  control.  The  activation 
polarization  is  determined  by  extrapolating  the  linear  portion  of  the  trace  (dashed 
line)  back  to  an  intersection  with  the  vertical'  dashed  line  (time  at  instant  current 
is  applied).  The  activation  polarization  is  then  obtained  by  subtracting  the  IR 
component  from  the  total  polarization  (AMV  from  O.C.V.  to  intersection  of  dashed 
lines). 


The  results  of  this  experiment  are  shown  in  Figures  _17_,  18,  19. 

The  linear  current/potential  relationship  is  unusual  in  that,  according  to  the 
modern  treatments  of  the  kinetics  of  porous  electrodes,  a  logarithmic  plot 
should  be  obtained.  (7,8)  The  linear  current/potential  behaviour  can  be  explained 
if  it  is  assumed  that  the  polarization  is  a  function  of  the  electrolyte  resistance 
in  the  pores  of  the  electrode.  For  example  the  polarization  characteristics  of  an 
irreversible  electrode  can  be  written  as 

i=i0  j  exp(  an^nV  exp  -(l-a)n  n 
U  V  RT  /  RT 


where  the  sumbols  have  their  usual  significance.  If  a=§ ,  as  is  often  the  case 
in  practice,  then 


and 


i=io 


Using  the  Tafel  terminology 


therefore 


Since 


*V  -  b 

anf 


i  =  i0  exp  /V)-  exp 

_  Vb' 

sink.  (nj  =  f  exp/jlj-  exp/-_o\ 

'  b  v  o  \  T7 


the  expression  for  the  current  potential  can  be  written 


i?=  2i0 


sinh 
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The  distribution  of  'he  potential  is  given  by  the  Poisson  equation 


d?r  =  Sp  i  =  2Si0p  sinh/  rj  \ 

ax*  \-B“/ 

Integrating  using  'he  boundary  conditions 


a  .o 


*  \  CO 


gives 


i  '  2  ( 2S  i,  b)  t'  sinh  n 


l-5 


c 


2b 


When  ri<  2b.,  f- 
When  r)  >  2b.  s 


s  a  linear  function  of  the 


.<  density. 


■M.  . 

1  2!, 


2  b/ 


a ‘.cl  ooiential  should  be  a  logarithm!',  T.ri  tion 


of  the  current  with  a  si  ape  equal  to  twice  the  normal  Tafei  value.  This  one  would 
expect  a  linear  current/po'er* lal  plot  up  to  polarizations  of  about  240  MV. 


It  can  be  seen  from  rhe  da‘a  that  the  curves  are  in  fact  linear  up  to  about  250MV 
where  they  develop  a  curvature.  In  order  to  investigate  whether  a  logarithmic 
relationship  is  obtained  at  high  polarization  higher  current  densities  would  have 
to  be  used. 


4 .  Voltammetry  in  a  Quiet  Mercury  Pool 

This  study  has  recen'Iy  been  initiated  to  determine  the  ionic  copper  specxes  present 
in  electrolyte  solution  containing  dissolved  CuF2.  The  technique  makes  use  of 
a  specially  designed  cel!  incorporating  a  mercury  pool  of  large  surface  area. 

This  is  theoretically  a  moie  powerful  analytical  technique  than  the  normal  polaro- 
graphic  method  where  very  low  concentration  of  reducible  species  are  present. 

Much  information  about  this  method  can  be  found  in  the  literature.  (9-14) 

A  mercury  pool  cell  was  designed  and  built,  with  construction  as  shown  in  Figure 
20.  Preliminary  tes's  with  this  cell  revealed  a  very  high  resistance  (11,000  OHMS) 
in  the  salt  bridge.  The  p'laregraphic  apparatus  was  not  capable  of  handling  this 
impedance,  and  as  a  resu!'  the  current-potential  curves  were  poorly  defined. 
Therefore  a  new  cell  is  being  designed  to  reduce  the  resistance  factor  to  a  minimum. 
This  cell  should  be  available  during  the  fourth  quarter. 
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List  of  Materials  and  Supplies 


Cupric  fluoride,  anhydrous,  99.5%  min. 
Zinc  fluoride,  anhydrous,  99%  min. 
Potassium  hexafluorophosphate,  98%  min. 
Propylene  carbonate,  99%  min. 

Lithium  perchlorate 

Tetramethylurea 

1,  2, -propylene  glycol  sulfite 

Ethylene  diamine,  Fisher  Reagent 

Diethylene  triamine 

Lithium  metal  ribbon,  99.98% 


Ozark- Mahoning  Co. 


Jefferson  Chemical  Co. ,  Inc. 
G.  Frederick  Smith  Co. 

Kand  K  Laboratories,  Inc. 

II 

Fisher  Scientific  Co. 

II 

Foote  Mineral  Co. 
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TABLE  1 


Impurities  in  As- 

received  CuF?  in  Parts 

Per  Million 

Lot  No. 

Lot  No. 

KW  4-17 

R5-131 

Si 

500 

1000 

Mg 

500 

100 

Ti 

<10 

<10 

Ca 

100 

100 

Al 

100 

100 

Fe 

1000 

1000 

Ag 

100 

10 

Ni 

1000 

100 

Mn 

10 

10 

B 

n.  d. 

1 

n.d,  -  not  detected 
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Table  3 

Spectrograohic  Analysis  of  LiClQa 

Impurity  in  Parts  Per  Million 


_Si 

Gu 

Mg 

_Ti 

Ca 

AJL 

Fe 

As  received 

100 

50 

50 

10 

100 

10 

10 

Ether  recrystallized 

l 

50 

50 

1 

50 

10 

1 

Water  and  ether  recrystallized 

10 

50 

10 

1 

50 

10 

1 

Water  recrystallized 

100 

50 

50 

1 

50 

10 

10 

-  •*»-*  -  ,  .o#»  ■  -*v  x^'  - 


Table  4 


CuF?  Solubility  in  Various  Types  of  Electrolyte 

Electrolyte  CuF?  Solubility  In  mg  Cu  per  liter 

lMLiC104  (twice  recrystailized  from  water)  10 

in  twice  distilled  P.C. 


K- 


lMLiC104  (twice  recrystailized  from  water 
and  once  from  ether)  in  twice  distilled 


P.C. 


22 


lMLiC104  (as-received)  in  once  distilled  24 

P.C. 

lMLiC104  (once  recrystailized  from  ether)  46  s 

in  twice  distilled  P.C. 

IMLiClQ  (once  recrystailized  from  ether)  1760 

in  twice  distilled  P.C.  with  1%  (by  volume) 
water  added. 

i 


n 


2. 


(St 


I  »■  ^  V 
-A. 


V  i 

W 


Table  5 

Spectrographic  Analysis  of  Purified  Graphite 


SW1651 

(unpurified) 

PPm 

SW1651 
(purified 
with  HMD3) 
ppm 

SW1651 
(purified 
with  HC1) 
ppm 

SW1651 
(purified  with 
HC1  and  HNQ>) 
ppm 

Mg 

1000 

10 

100 

10 

Si 

1000 

1000 

1000 

1000 

A1 

1000 

1000 

1000 

100 

Fe 

1000 

100 

10 

10 

Mn 

100 

1 

1 

.1 

MO 

500 

10 

500 

10 

V 

50 

10 

10 

10 

Ti 

100 

50 

10 

10 

Na 

100 

1000 

1000 

1 

Ca 

100 

50 

10 

10 

B 

n.  d. 

50 

10 

50 

*•.  JT/5 


Table  6 


Concentration  LiClO^ 
propylene  carbonate 
(formal) 

Current 

Density 

(ma/cm2) 

T 

Transition 
Time  (min.) 

iA 

'c 

1.0 

13.3 

40 

84 

1.0 

18.2 

23.5 

88 

1.0 

23.4 

11.7 

80 

0.5 

11 .6 

13 

83.5 

0.5 

15  , 

8 

84.6 

0.25 

10 

2.5 

82.1 

0.25 

13.3 

2.  6 

85 

0.25 

20.7 

1.0 

82.8 

Concentration  (Formal) 


Cupric  Fluoride  Solubility  vs.  Time 


No.  of  Days 


Effect  of  Cathode  Activated  Stand  on  Performance  - 
Electrodes  Made  with  Nitric  Acid  Treated  SW1651  Graphite 


Figure  5  Percent  Utilization  of  CuF 


Effect  of  Cathode  Activated  Stand  on  Performance  - 
Electrodes  Made  With  Hydrochloric  Acid  Treated  SW1651 

Graphite 
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Figure  6  Percent  Utilization  of  CuF 


Effect  of  Purification  of  Graphite  on  Activated  Cell  Stand  Performance  - 

Electrodes  Pressed  at  .  -  500  lbs, per  cm2 


Effect  of  Ethylene  Diamine  Complexone  on  CuF2  Cathode  Performance 


Percent  Utilization  of  CuF 


Effect  of  Diethyiene  Triamine  Compiexone  on  CuF2  Cathode  Performance 


Percent  CuF2  Utilized 
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Figure  20 
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Abstract  (cor.ti) 

cells.  However,  the  effect  was  only  marginal. 

Kira,  tic  studies  of  Cufo  cathodes  appear  to  show  that  the  reaction  is 
diffusion  United  in  LiClO], 7 propylene  carbonate  electrolytes. 

A  study  of  volt;  metry  in  a  mercury  pool  cell  was  initiated  to  determine 
the  copper  species  i.i  electrolyte  containing  dissolved  CuF^.  Preliminary  investi¬ 
gations  ~nd  cell  design  are  in  progress  and  experimental  results  should  be 
available  in  the  fourth  quarter. 
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